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We give a detailed description of the recently developed multi-domain spectral method for constructing
highly accurate general-relativistic models of rapidly rotating stars. For both ‘ordinary’ and ‘critical’ con-
gurations, it is exhibited by means of representative examples, how the accuracy improves as the order of
the approximation increases. Apart from homogeneous fluid bodies, we also discuss models of polytropic
and strange stars. stars: rotation | stars: neutron | gravitation | relativity | methods: numerical
Introduction
The structure and the gravitational eld of relativistic, axisymmetric and stationary, uniformly rotating
perfect fluid bodies is investigated in order to model extraordinarily compact astrophysical objects like
neutron stars. The numerical calculation of these objects was the subject of papers by several authors,
see Bonazzola & Schneider bs, Wilson wi, Butterworth & Ipser butips1, butips2, Friedman et al. p1,p2,
Lattimer et al. latt, Neugebauer & Herold nh, Herold & Neugebauer hn, Komatsu et al. keh1, keh2, Eriguchi
et al. ehn, Stergioulas & Friedman ster, Bonazzola et al. bgsm; for reviews see Friedman fri and Stergioulas
sterg.
The idea to use a ‘multi-domain spectral method’ was introduced by Bonazzola et al. (bgsm,bgm). In
their ‘BGSM-code’, the space of physical coordinates is divided into several subregions, each one of them
to be mapped onto a cross product of intervals. The physical eld quantities are expressed in a spectral
expansion with respect to all coordinates dened on the specic intervals. If the interior region of the star is
chosen to be exactly one of the domains, then it is possible to obtain representations of the eld quantities
that are smooth functions within the cross product of intervals. The spectral expansions then provide a
very precise approximation of the eld quantities. In particular, this choice for the domains circumvents the
occurrence of the Gibbs phenomenon at the star’s surface, which appears when non-smooth physical elds
(such as the mass-energy density) are expressed in terms of a spectral expansion.
The subject of this paper is a detailed description of our multi-domain spectral method (hereafter ‘AKM-
method’) which led to an accuracy of up to 12 digits for rapidly rotating, strongly relativistic homogeneous
fluid bodies (Ansorg, Kleinwa¨chter, & Meinel AKM02). Its further development enabled us to calculate
rotating toroidal bodies (the relativistic Dyson rings; see Ansorg, Kleinwa¨chter, & Meinel AKM03a).
The corresponding fundamental features of the AKM-method are as described above for the BGSM-code.
However, the methods dier in the following: enumerate
I nstead of the three domains in the BGSM-code (two of them exterior to the star), we have only two
domains, since we do not split up the region exterior to the star.
A s described in Bonazzola et al. (bgm), the BGSM-code is an iterative scheme with each iteration
step consisting of several procedures including the solving of nonlinear Poisson-like equations and the
determination of an improved approximation of the star’s surface. In the AKM-method, a large set of
nonlinear algebraic equations for the unknown spectral coecients corresponding to all eld quantities
and the unknown shape of the star’s surface is simultaneously solved by a Newton-Raphson method.
F or the AKM-method, the restriction to only two domains, one of them exactly corresponding to the
interior region of the star, can be maintained when the mass shedding limit is approached. In this limit,
the star is characterized by a cusp at its equatorial rim, thus requiring that the inner-most domain of
the BGSM-code deviate slightly from the star’s interior (see Bonazzola et al. bgm; the resulting Gibbs
phenomenon is limited since the displacement is small).
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